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(54) Exhaust gas purifying filter 

(57) The present Invention provides an exhaust gas 
purifying filter of which the plugs can be used as part of 
filter. 

The exhaust gas purifying filter of the present inven- 
tion has a honeycomb structure comprising a multitude 
of cells 1 0 each su rrounded by wails 1 1 , each of the cells 



being stopped with a plug 2 on one end thereof. The 
walls 1 1 and the plugs 2 are all made of a porous mate- 
rial and value of M = (Ui) x (P1/P2) is in a range of 10 
< M < 90, where P1 is the porosity of said walls 11 , P2 
is the porosity of said plugs 2, t is mean thickness of said 
walls 11 and L Is mean length of said plugs 2. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001 ] The present invention relates to an exhaust gas purifying filter that is made of a ceramic material and is used 
for collecting particulate matter, such as fine carbon particles, emitted from internal combustion engines. 

10 2. Description of the Related Art 

[0002] Use of a honeycomb structure made of ceramic material is viewed as promising as an exhaust gas purifying 
filter that collects, and then bums, the particulate matter, such as fine carbon particles, that are emitted by a diesel 
engine or the like, so as to be regenerated. 
is [0003] Specifically, as shown In Fig. 3, an exhaust gas purifying filter 9 of the prior art has cells 90 of a honeycomb 
structure of which is alternately stopped with a plug 95. On each end of the honeycomb structure, the plugs 95 are 
arranged in a checkerwork pattern. Walls 98 are provided with a catalyst supported thereon. 

[0004] With this constitution, as shown in Fig. 3, exhaust gas 8 that has entered the cells 90 is discharged after 
passing through the walls 98, while the particulate matter included in the exhaust gas 8 is captured in the walls 98 so 

20 as to accumulate therein. The particulate matter that has accumulated Is burned and removed by the action of the 
catalyst supported on the walls 98, so that the exhaust gas purifying filter 9 is occasionally rejuvenated. 
[0005] In order to further improve the purification performance of the exhaust gas purifying filter 9, it is effective to 
increase the inner surface area of the filter. This has been achieved by various methods such as decreasing the thick- 
ness of the walls of the honeycomb structure, that constitutes the exhaust gas purifying filter, and decreasing the pitch 

25 of the cells, among others. However, although the methods based on decreasing the thickness of the walls are effective, 
there Is a limitation as the methods make it difficult to manufacture, and decrease the strength of, the structure. 
[0006] As other means to Increase the filtering area than decreasing the thickness of the walls, It Is considered to 
be effective to use the plugs 95 as part of the filter. 

30 SUMMARY OF THE INVENTION 

[0007] In consideration of the problems of the prior art described above, the present Invention has an objectto provide 
an exhaust gas purifying filter that can utilize the plugs as part of the filter. 

[0008] A first aspect of the Invention is an exhaust gas purifying filter made as a honeycomb structure comprising a 
35 multitude of cells each surrounded by walls, each of the cells being stopped with a plug on one end thereof. 

[0009] The walls and the plugs of the exhaust gas purifying filter are all made of a porous material, and the value of 
M = (Ut) x (P1/P2) is in a range of 1 0 < M < 90, where P1 is the porosity of the walls, P2 is the porosity of the plugs, 
t is mean thickness of the walls and L Is mean length of the plugs. 

[0010] In the exhaust gas purifying filter of the present Invention, the walls and the plugs are all made of the porous 

40 material, with the porosity and the size thereof satisfying the particular relationship. 

[0011] That is, the value of M calculated as (Lt) x (P1/P2) Is In a range of 10 < M < 90, where P1 Is the porosity of 
the walls, P2 Is the porosity of the plugs, t is mean thickness of the walls and L is mean length of the plugs. Accordingly, 
the exhaust gas purifying filter can be made in such a way that the exhaust gas can pass through the plugs while 
maintaining sufficient strength of the plugs. As a result, the plugs can be used as part of the filter without decreasing 

45 the strength of the plugs, so that the entire filtering area can be Increased and the performance of the exhaust gas 
purifying filter as a whole can be Improved. 

[0012] Mean values are used fort and L according to the present Invention. The value of porosity can be given by 
measuring the volume of the pores, by a mercury injection method, using a poroslmeter. Since the mean values are 
used fort and L, it is not necessary for all the plugs to satisfy the requirements described above. It suffices that at least 

50 the mean values provide for the particular range of the value of M . 

[0013] A second aspect of the invention is an exhaust gas purifying filter made in honeycomb structure comprising 
a multitude of cells each surrounded by wails, each of the cells being stopped with a plug on either end thereof. 
[0014] The walls and the plugs of the exhaust gas purifying filter are all made of a porous material, wherein at least 
50% of the plugs have values of M2 = (L2/t) x (P1/P2) in a range of 10 < M2 < 90, where P1 is the porosity of the 

55 walls, P2 is the porosity of the plugs, t is the mean thickness of the walls and 12 is the length of each plug. 

[0015] In the exhaust gas purifying filter of the present invention, at least 50% of the plugs have values of M2, 
calculated from the values of P2 and 12 of each of the plugs, the porosity P1 of the walls and the mean thickness t of 
the walls, that fall within the particular range described above. This constitution can also Improve the purifying per- 
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formance by utilizing the plugs as part of the filter. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

Fig. 1 is a perspective view of the exhaust gas purifying filter of Example 1 of the invention. 
Fig. 2 shows the sectional structure of the exhaust gas purifying filter of Example 1 . 
Fig. 3 shows the sectional structure of the exhaust gas purifying filter of the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[00171 In case the value of M is less than 1 0 in the first aspect of the invention, the strength of the plugs is too low 
to be practically useful. When the value of M Is more than 90, on the other hand, It becomes difficult for the exhaust 
is gas to pass through the plugs and to use the plugs as part of the filter. 

[0018] The value of M Is preferably 25 or less. When this Is the case, the effect of using the plugs as part of the filter 

[0019] ^When^te of the plugs that have values of M2 In a range of 1 0 < M2 < 90 is less than 50%, substantial 

filtering effect of the plugs cannot be achieved, according to the second aspect of the invention. 
20 [0020] It Is preferable that 50% or more of the plugs have M2 of values not larger than 25. When this is the case, 
the effect of the plugs to serve as part of the filter can be further improved. 

[0021 1 In the first and second aspects of the invention, the mean length of the plugs is preferably 5 mm or less. Plugs 
of which the mean length is larger than 5 mm present a large resistance against the flow of the exhaust gas passing 
therethrough which may decrease the filtering function. Thus the mean length Is more preferably 3 mm or less. When 
25 the length is too small, the strength of the plugs becomes insufficient. Thus the mean length of the plugs has a lower 
limit of preferably 0.5 mm. ( .... 

[0022] The walls and the plugs of the exhaust gas purifying filter may be made of a ceramic material such as cordierite, 

rooSm' 8 The walls andthe plugs can be provided with a catalyst supported thereon for burning the particulate matter 
30 that has been captured. The catalyst may be, for example, a three-way catalyst, a PM oxidizing catalyst and a NOx 
occlusion reduction catalyst. 

Example 1 

35 [0024] The example of the exhaust gas purifying filter of the Invention will now be described below with reference to 

[ F 0025] an ^e 9 exhaust gas purifying filter 1 of this example is made in honeycomb structure comprising a multitude of 
cells 1 0 each surrounded by walls, with each of the cells 10 being stopped with a plug on one end thereof, as shown 

40 '[0026] 1 The Site 11 and the plugs 2 are all made of a porous material. Value of M - (Ut) x (P1/P2) Is In a range of 

1 0 < M < 90, where P1 Is the porosity of the walls 11 , P2 Is the porosity of the plugs 2, t Is mean thickness of the walls 

11 and L Is mean length of the plugs 2. 

[0027] Now the constitution will be described in more detail below. 

[002B] The exhaust gas purifying filter 1 of this example is manufactured by first fabricating the honeycomb structure 
45 from a ceramic material. For this purpose, a cordierite material is prepared as the raw material. The cordierite material 
Includes kaolin, aluminum hydroxide, alumina, talc, carbon powder and other components. Proportions of the compo- 
nents are adjusted so as to achieve the final composition of cordierite that Includes SIO z In a range from 45 to 55 ^ by 
weight, Al 2 0 3 from 33 to 42% by weight and MgO from 12 to 1 8% by weight. Porosity Is controlled by adjusting the 
contents of components such as carbon powder, kaolin, talc and aluminum hydroxide. 
so [0029] After mixing predetermined quantities of the cordierite material and water, the mixture is formed into honey- 
comb structure by extrusion molding using a die. Then the cordierite material is placed at the end of selected cells so 
as to form the plugs 2. In this example, the plugs 2 were arranged in checkerwork pattern. The honeycomb structure 
is then dried and fired. 

[0030] The plugs 2 can be attached by employing various known methods. 
55 [0031] The honeycomb structure (the exhaust gas purifying filter 1) thus obtained has 300 cells and the walls 11 are 
0.2 mm in thickness. In this example, porosity P1 of the walls 11 is 55%, porosity P2 of the plugs 2 is 70%, mean 
thickness t of the walls 11 Is 0.2 mm and mean length L of the plugs 2 Is 4 mm. Thus the value of M Is 16. 
[0032] The exhaust gas purifying filter 1 Is provided with a PM oxidizing catalyst for burning the particulate matter 
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supported on the entire surface, namely on the surface of the walls 11 and on the surface of the plugs 2, thereby to 
complete the exhaust gas purifying filter. 

[0033] The exhaust gas purifying filter 1 Is incorporated In a catalyst converter that is not shown, and Is used as a 
particulate filter for diesel engines. 

5 [0034J Now the operation and effect of this example will be described below. 

[0035] In the exhaust gas purifying filter 1 of this example, the walls 11 and the plugs 2 were all made of the porous 
materia!. Porosity and sizes of these members were selected so as to make the value of M 16. This allows the exhaust 
gas purifying filter 1 to use the plugs 2 as part of the filter when Installed In the flow passage of exhaust gas. 
[0036] Specifically, the exhaust gas 8 that is Introduced Into the cells 1 0 of the exhaust gas purifying filter 1 Is divided 

10 into a part that passes through the wall 11 Into the adjacent cell before being discharged, and a part that passes through 
the plug 2 and Is discharged. The particulate matter included in the exhaust gas 8 Is captured by the plugs 2 as well 
as by the walls 11 . The particulate matter that has been captured Is burned and removed by the action of the catalyst 
supported on the walls 11 and on the plugs 2. 

[0037] Thus the exhaust gas purifying filter 1 of this example has a filtering area that is the sum of the surface area 
is of the walls 11 and the surface area of the plugs 2, and Is larger than that achieved with the prior art. As a result, the 
exhaust gas purifying filter 1 has purifying performance higher than that of the prior art. 

[0038] The strength of the plugs 2 can also be maintained high enough for practical use, as the value of M Is more 
than 10. 

20 Example 2 

[0039] In this example, a plurality of honeycomb structures similar to the exhaust gas purifying filter 1 of Example 1 
were fabricated and subjected to experiments to determine the effect of the value of M while changing the porosity, 
size and other factor. In this example, the honeycomb structures were fabricated similarly to Example 1 . 

25 [0040] Values of P1 , P2, t and L of the honeycomb structures that were fabricated are shown in Table 1 and Table 2. 
[0041 ] As shown in the tables, 51 kinds of honeycomb structure were fabricated In this example, having the porosity 
P1 of the walls 11 in a range from 55 to 70%, the mean thickness of the walls 11 being 0.2 mm or 0.3 mm, the porosity 
P2 of the plugs 2 in a range from 10 to 70% and the mean length L of the plugs 2 in a range from 2 to 6 mm. 
[0042] Table 1 and Table 2 show the values of M calcuiated by the equation M = (L/t) x (P1/P2). 

30 [0043] In this example, an experiment was conducted to capture 2 g/llter of particulate-like soot generated by a soot 
generator. After the experiment, a cross section of the plug 2 located downstream was observed with an electron 
microscope, to see whether the soot Infiltrated Inside of the plug. The results are shown In Table 1 and Table 2, where 
© Indicates sufficient Infiltration of soot, O Indicates some infiltration with an extent lower than the case of © , A 
Indicates slight Infiltration and x Indicates no Infiltration at all. 

35 [0044] As can be seen from Table 1 and Table 2, all samples having value of M higher than 90 showed the result of 
x in the soot infiltration experiment, showing no filtering effect. Samples having M less than 90 showed the result of 
© , O or A, showing some filtering effect. Among these, those having M of 25 or less showed sufficient infiltration of 
soot, Indicating a high filtering effect. 

[0045] When the value of M is less than 10, which means short length L of the plugs 2 and high porosity P2, the 
40 strength of the plug 2 Is too low to be practically useful, although this was not shown by the experiment. 
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[0046J The present Invention provides an exhaust gas purifying filter of which the plugs can be used as part of filter. 
[0047] The exhaust gas purifying filter of the present Invention has a honeycomb structure comprising a multitude 
of cells 1 0 each surrounded by walls 1 1 , each of the cells being stopped with a plug 2 on one end thereof. The walls 
11 and the plugs 2 are all made of a porous material and value of M = (Lft) x (P1/P2) Is In a range of 10 < M < 90, 
where P1 Is the porosity of said walls 11 , P2 Is the porosity of said plugs 2, t is mean thickness of said walls 11 and L 
is mean length of said plugs 2. 

Claims 



1. An exhaust gas purifying filter that is made In a honeycomb structure comprising a multitude of cells each sur- 
rounded by walls, each of said cells being stopped with a plug on one end thereof, 

wherein said walls and said plugs are all made of a porous material and the value of M = (LA) x (P1/P2) is 
in a range of 1 0 < M < 90, where P1 is the porosity of said walls, P2 Is the porosity of said plugs, t Is mean thickness 
15 of said walls and L Is mean length of said plugs. 

2. The exhaust gas purifying filter according to claim 1 , wherein the value of M is 25 or less. 

3. The exhaust gas purifying filter according to claim 1 , wherein the mean length of said plugs is 5 mm or less. 

20 

4. An exhaust gas purifying filter that is made In a honeycomb structure comprising a multitude of cells each sur- 
rounded by walls, each of said cells being stopped with a plug on one end thereof, 

wherein said walls and said plugs are all made of a porous material, and at least 50% of said plugs have 
values of M2 = (L2/t) x (P1/P2) In a range of 1 0 < M2 < 90, where P1 Is the porosity of said walls, P2 is the porosity 
25 of said plugs, t is mean thickness of said walls and L2 is the length of each of said plugs. 

5. The exhaust gas purifying filter according to claim 4, wherein 50% or more of said plugs have the value of M2 not 
higher than 25. 

30 6. The exhaust gas purifying filter according to claim 4, wherein the mean iength of said plug is 5 mm or less. 
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